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Research on Variable Reference Plane Cladding Based on Laser
Processing Robot with Inside-Laser Powder Feeding
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Abstract Laser cladding technology is based on horizontal reference plane at present, however, this way greatly
limits its extensive applications. The substrate inclined angle of 0°~150° and continuously variable postures of
coaxial powder nozzle have been achieved by changing the programming to control the laser processing robot
adopting the technology of “hollow laser beam and interal powder feeding”. The influence rules of the substrate
inclined angle on the section size and microstructure of cladding layers are investigated, and the force of molten
pool is analyzed during varging the inclined angles of the substrate. The experimental results show that the powder
converging behavior becomes worse with the increase of the substrate inclined angle, because reducing of powder
volume into molten pool leads to decreases of the cladding layers’ height. The width of cladding layers do not show
significant variations and offset first increase and then decrease. The dendrite size of the cladding layers’ top
microstructure first becomes thick and then thin gradually and the growth direction of typical columnar crystal tilts
with the substrate inclined angle. The process basis is provided for laser cladding, repairing and forming on variable
reference plane by the inside—laser powder feeding way.
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Fig.1 Schematic diagram of experimental setup
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(a) 6=30° (b) 6=60° (c) 6=90° (c) 6=120°
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Fig.2 Representative diagram of the substrate inclined angle
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Fig.3 Section profile of cladding layer with §=90°. (a) Whole; (b) local
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Fig.4 Schematic diagram of deposited clad profile of the substrate inclined angle. (a) 1=0; (b) t=2 r/v
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Table 1 Process parameters of laser cladding

Laser Powder mass flow Laser defocusing Scanning Carrier gas flow Shielding gas
power /W rate /(g/min) distance /mm speed /(mm/s) rate /(L/min) pressure /MPa
600 8 -4 5 3 0.2
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Fig.5 Cladding layer sizes with different inclined angles of the substrate. (a) Width of cladding layer; (b) height of clastding layer;

(¢) offest of cladding layer
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Fig.6 Powder converging characteristic with different inclined angles of the substrate
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Table 2 Powder focussing diameter with different inclined angles of the substrate at 10 mm away from the nozzle

(d) 6=120°

(a) H=0°

Substrate inclined angle 6 /(°) Focussing diameter d /mm
0 1.56
30 2.61
90 2.76
120 3.37
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Fig.7 Top microstructures of cladding layers with different inclined angles of the substrate. (a) 6=30°; (b) 6=60°;
(¢) §=120°; (d) 6=150°
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